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Abstract 

Novel remedies for booc metabolic errors. These remedies comprise at least one member selected from the group consisting of 
ostcoclustogcncsis inhibitory factor (OCIF), analogs thereof and variants thereof and polysaccharides or derivatives thereof. As the 
polysaccharide* or derivatives thereof, use may be made of heparin, dcxtrou sulfate, etc. These remedies have excellent therapeutic effects 
on bone metabolic crrora such as osteoporosis, hypercalcemia and rheumatoid arthritis and can sustain Ihc activities over a long time, which 
makes rticm highJy useful as drugs. 
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Detailed explanation of the invention 
Technical field 

This invention pertains to novel remedies for metabolic bone errors having high activity 
and long sustaining time. The remedies of this invention for metabolic bone errors have excellent 
therapeutic activity against metabolic bone diseases such as osteoporosis, hypercalcemia and 
rheumatoid arthritis, and are useful as drugs. 

Background technology 

Bone not only provides support for the body, it is also the largest organ for storing 
calcium in the body, and 99% of the calcium in the body is stored in bone. Bone constantly 
undergoes two contradictory processes, namely resorption and formation of the bone, and plays 
an important role in maintaining a stable supply of serum calcium. It is known that when 
osteoclasts, which play an important role in the resorption of bone, are activated, excessive 
calcium is released from the bone into the blood and the steady state of calcium in the blood is 
disrupted, causing hypercalcemia. Hypercalcemia is a disease caused by bone metastasis with 
cancer, and the number of patients is expected to increase. Hence, development of treatment 
drugs is being expeditiously conducted. Currently, calcitonin and its derivatives as well as 
bisphosphonate compounds are being used as the treatment drugs for such hypercalcemia 
diseases. However, the therapeutic efficacy of these drugs is not satisfactory and new drugs 
which can replace them are desired. 

On the other hand, it was reported that osteoclastogenesis inhibitory factor (OCIF) 
(W096/26217), known as a protein factor for suppressing differentiation of osteoclasts, showed 
activity of reducing serum calcium (BIOCHEMICAL AND BIOPHYSICAL RESEARCH 
COMMUNICATIONS, Vol. 245, pp. 382-387 (1998): Endocrinology, Vol. 139, pp. 4012-4015 
(1998)). OCIF is expected to be an entirely new treatment drug for hypercalcemia. OCIF is a 
protein and can be metabolized rapidly in the body. Accordingly, development of an OCIF drug 
having good stability and high activity is desirable. 

Teaching of the invention 

Focusing on the above aspects, the present inventors have vigorously conducted 
investigations, and as a result have discovered that the activity of OCIF against the diseases of 
metabolic bone disorders could be enhanced. Accordingly, the task of the present invention is to 
enhance the activity of OCIF against diseases of metabolic bone disorders as well as to provide 
drugs for treating metabolic bone disorders with sustaining efficacy. 

The present invention pertains to treatment drugs for metabolic bone disorders 
comprising at least one substance selected from a group consisting of osteoclastogenesis 
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inhibitory factor (OCIF), analogs thereof and variants thereof, and polysaccharides and 
derivatives thereof. 

In the present invention, it is preferred that the aforementioned polysaccharide is heparin 
and the aforementioned polysaccharide derivative is dextran sulfate. 

According to the present invention, remedies having excellent and sustained activity 
against metabolic bone disorders such as osteoporosis, hypercalcemia and rheumatoid arthritis 
can be provided, and they are useful as drugs. 

Furthermore, the present invention pertains to a method for enhancing the activity of 
osteoclastogenesis inhibitory factor by utilizing polysaccharides or derivatives thereof. 

The OCIF utilized in the present invention can be a natural type or gene recombinant type 
such as those obtained by the methods described in WO 96/26217, but there are no restrictions as 
to their origin. However, the human type is particularly preferred. As examples of such natural or 
gene recombinant OCIF, there is the monomer type of molecular weight about 60 kDa or the 
dimer type of molecular weight about 120 kDa based on SDS-PAGE under nonreduction 
conditions. 

Moreover, analogs or variants of OCIF may also be utilized in the present invention. One 
example is that an OCIF cDNA fragment obtained from a cDNA library prepared with poly (A) + 
RNA of an IMR-90 cell (ATCC CCL-186) is used as a probe and an OCIF analog cDNA 
obtained by hybridization is inserted into an expression vector, which is introduced into a 
normally used host and expressed in the host, followed by purifying by normal methods. To be 
more specific, OCIF2, OCIF3, OCIF4 and OCIF5 described in WO 96/26217 may be cited as the 
examples. 

Among these substances, as described in WO 96/26217, OCIF2 has a deletion of 21 bp 
from the No. 265 guanine to the No. 285 guanine in the base sequence of the OCIF cDNA as 
well as a deletion of 7 amino acids for the amino acid sequence from the No. 68 glutamic acid 
(Glu) to the No. 74 glutamine (Gin) of the OCIF amino acid sequence. 

In OCIF3, the No. 9 cytidine of the base sequence of the OCIF cDNA is converted to 
guanine, and for the amino acid sequence, the No. 19 asparagine (Asn) of the OCIF amino acid 
sequence is converted to lysine (Lys). However, in this regard, it is thought to be a substitution of 
the signal sequence and there is no effect on the secreted OCIF3. Additionally, there is a deletion 
of 1 17 bp in the OCIF cDNA from the No. 872 guanine to the No. 988 guanine in the base 
sequence of the OCIF cDNA, as well as a deletion of 39 amino acids for the amino acid 
sequence from the No. 270 threonine (Thr) to the No. 308 leucine (Leu) of the OCIF amino acid 
sequence. 

In OCIF4, the No. 9 cytidine of the base sequence of the OCIF cDNA is converted to 
guanine, and for the amino acid sequence, the No. 19 asparagine (Asn) of the OCIF amino acid 
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sequence is converted to lysine (Lys). Moreover, the No. 22 guanine is converted to thymidine, 
and for the amino acid sequence, the No. 14 alanine (Ala) of the OCIF amino acid sequence is 
converted to serine (Ser). However, in this regard, it is thought to be a substitution of the signal 
sequence and there is no effect on the secreted OCIF4. Additionally, there is an insertion of 
about 4 kb intron 2 between the No. 400 and No. 401 base sequence of the OCIF cDNA in which 
open reading frame stops. There is also a new amino acid sequence of 21 amino acids added in 
the amino acid sequence after the No. 1 12 alanine (Ala) of the OCIF amino acid sequence. 

In OCIF5, the No. 9 cytidine of the base sequence of the OCIF cDNA is converted to 
guanine, and for the amino acid sequence, the No. 19 asparagine (Asn) of the OCIF amino acid 
sequence is converted to lysine (Lys). However, in this regard, it is thought to be a substitution of 
the signal sequence and there is no effect on the secreted OCIF5. Additionally, there is an 
insertion of about 1.8 kb in the second half of intron 2 between the No. 400 and No. 401 base 
sequence of the OCIF cDNA in which open reading frame stops. There is also a new amino acid 
sequence of 12 amino acids added in the amino acid sequence after the No. 1 12 alanine (Ala) of 
the OCIF amino acid sequence. 

As the examples of the variants, those having insertion, addition, substitution or deletion 
of one or more amino acids in the amino acid sequence of OCIF may be cited. More specifically, 
those obtained by preparing modified OCIF cDNA having substitution or deletion modification 
in the OCIF cDNA through splicing using PCR method or a restricted enzyme and inserting said 
cDNA into an expression vector and introducing the vector into a normally used host, followed 
by expression in the host and purification by a conventional method, may be cited. 

The polysaccharides utilized in the present invention are the polymeric substances 
(glycane) formed from monosaccharides by glycoside bonding. It is preferred that they are 
heteropolysaccharides (heteroglycans) having two or more constituting monosaccharides. 
Specifically, as examples of natural polysaccharides, hyaluronic acid, chondroitin sulfate, 
dermatan sulfate, heparan sulfate, keratan sulfate, carrageenan, pectin and heparin, and as 
examples of synthetic polysaccharide derivatives, dextran sulfate, etc., can be utilized. The use of 
sulfated glycan is particularly preferred, and heparin having molecular weight of 3000-6000 and 
dextran sulfate having molecular weight of 5000-10,000 can be used. In the remedies of the 
present invention for metabolic bone disorders, it is preferred that one or more substances be 
selected from a group consisting of OCIF, analogs thereof and variants thereof and the 
polysaccharides and their derivatives are blended so that the ratio of the polysaccharides and 
analogs thereof to the OCIF, analogs thereof and variants thereof is 1-100 fold, and is 
particularly preferred at 1-16 fold. The drugs of the present invention obtained by blending pne 
or more substances selected from a group consisting of OCIF, analogs thereof and variants 
thereof and polysaccharides and their derivatives are remedies for metabolic bone disorders 
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having excellent therapeutic and sustaining effect compared to administration of OCIF alone, 
and are effective against metabolic bone disorders such as osteoporosis, hypercalcemia and 
rheumatoid arthritis. 

The drug preparations of the present invention can be safely administered to humans or 
animals as drugs orally or nonorally. As examples of nonoral administration, intravenous 
injection, muscular injection, subcutaneous injection, transnasal administration, oral cavity 
administration and transmembrane administration may be cited. The drug preparations for these 
administration routes are prepared as drug compositions by known methods using 
pharmacologically acceptable carriers, excipients, lubricants and colorants as the drug 
components and administered. In the case of preparing injection preparations, in addition to 
OCIF and polysaccharides, pH adjusters, buffering agents, stabilizers and solubilizers are added 
if necessary to make injection preparations by normal methods. In such cases, conventional 
additives such as human serum albumin or surfactants may be optionally added. As examples of 
surfactants, polyanionic or anionic surfactants may be cited. The injection preparations may be 
filled in vials as solution preparations or made into freeze-dried preparations, which are 
dissolved in distilled water or physiological saline solution at suitable time when administering. 
When OCIF was administered to a normal rat at a dose of 3 or 24 mg/kg-day once per day 
continuously for 2 weeks by intravenous injection, increasing bone density and bone mass were 
observed, yet no histopathological abnormality was observed in 38 tissues and there were no 
changes of the blood counts (H. Yasuda et al.: Endocrinology, Vol. 139, pp. 1329-1337 (1998). 
Thus, the effect of OCIF is highly specific and its safe application to humans can be expected. 

There are no particular restrictions in regard to the dose and dosing method of the 
remedies of the present invention for metabolic bone disorders when administering to patients, 
and they depend on the conditions of the patients including degree of the disease, age, health 
condition and body weight. For example, it is suitably administered at about 0.01-1 mg/kg per 
day nonorally by one dose or several doses a day. Also, the activity of the drug of the present 
invention can be determined from the serum calcium concentration. For example, OCIF solution 
prepared with a suitable solvent and with added polysaccharides is administered intravenously 
into rats, and the blood is sampled over time to determine the serum calcium by conventional 
methods. 

Furthermore, the present invention pertains to a method for increasing the activity of 
osteoclastogenesis inhibitory factor by using polysaccharides or derivatives thereof. According 
to the present invention, the blood concentration of blood OCIF can be increased and the 
reduction effect of OCIF on the serum calcium concentration can be enhanced. 
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Brief description of the figures 

Figure 1 shows the serum calcium concentration 3 h after administration in Application 
Example 2 for a preparation in which polysaccharides are added to OCIF. 

Explanation of symbols 

D-l : OCIF 0.5 mg/kg + dextran sulfate (molecular weight 5000) 2 mg/kg 
D-2: OCIF 0.5 mg/kg + dextran sulfate (molecular weight 8000) 2 mg/kg 
D-3: OCIF 0.5 mg/kg + dextran sulfate (molecular weight 10,000) 2 mg/kg 
H-l : OCIF 0.5 mg/kg + heparin (207.8 units/mg) 2 mg/kg 
H-2: OCIF 0.5 mg/kg + heparin (171.2 units/mg) 2 mg/kg 
H-3 : OCIF 0.5 mg/kg + heparin (molecular weight 3000) 2 mg/kg 
H-4: OCIF 0.5 mg/kg + heparin (molecular weight 6000) 2 mg/kg 
** Significant difference with a risk level of 1% or below. 

Figure 2 shows the serum calcium concentration 3 h after administration in Application 
Example 3 when the mixing ratio of OCIF and polysaccharides are varied. 

Explanation of symbols 

** Significant difference with a risk level of 1% or below. 

Figure 3 shows the serum calcium concentrations 3, 6 and 9 h after administration, 
respectively, in Application Example 4 when a preparation in which polysaccharides are added 
to OCIF is administered. 

Explanation of symbols 

** Significant difference with a risk level of 1% or below. 

Figure 4 shows the change of blood OCIF concentrations over time in Application 
Example 5 when a preparation in which polysaccharides are added to OCIF is administered. 

Explanation of symbols 

A: Graph showing the blood concentration of dimeric OCIF. 
B: Graph showing the blood concentration of monomelic OCIF. 
• :OCIF 

O: OCIF + dextran sulfate 

Figure 5 shows the change of the ratio of blood dimeric/monomeric OCIF concentrations 
over time in Application Example 5 when a preparation in which polysaccharides are added to 
OCIF is administered. 
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Explanation of symbols 
A: OCIF 

B: OCIF + dextran sulfate 
O: Dimeric OCIF 
A: Monomelic OCIF 

Figure 6 shows the blood OCIF concentrations 2 and 4 h after administration in 
Application Example 6 for preparations in which polysaccharides (dextran sulfate, apple pectin 
or citrus skin pectin) are added to OCIF. 

Explanation of symbols 

□ : 0.5 mg/kg OCIF alone 

0: 0.5 mg/kg OCIF + 0.5% dextran sulfate 

O: 0.5 mg/kg OCIF + 0.5% apple pectin 

A: 0.5 mg/kg OCEF + 0.5% citrus skin pectin 

Figure 7 shows the blood OCIF concentrations 2 and 4 h after administration in application 
Example 6 for preparations in which polysaccharides (dextran sulfate, apple pectin or 
carrageenan) are added to OCIF. 

Explanation of symbols 

□ : Single dose of 0.5 mg/kg OCIF 

0: 0.5 mg/kg OCIF + 0.5% dextran sulfate 

O: 0.5 mg/kg OCIF + 0.5% apple pectin 

A: 0.5 mg/kg OCIF + 0.5% carrageenan (lambda) 

Figure 8 shows the blood OCIF concentrations after intravenous injection in Application 
Example 7 for preparations in which polysaccharides (dextran sulfate or apple pectin) are added 
to OCIF. 

Explanation of symbols 

O: 50 ug/kg OCIF alone 

A: 50 ug/kg OCIF + 0.1% dextran sulfate 

□ : 50 ug/kg OCIF + 0.5% apple pectin 

Figure 9 shows the blood OCIF concentrations after muscular injection in Application 
Example 7 for preparations in which polysaccharides (dextran sulfate or apple pectin) are added 
to OCIF. 
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Explanation of symbols 

O: 1 mg/kg OCIF alone 

A: 1 mg/kg OCIF + 0.1% dextran sulfate 

□ : 1 mg/kg OCIF + 0.15% apple pectin 

Figure 10 shows the blood calcium concentration 4 h after administration in Application 
Example 8 for preparations in which polysaccharides (apple pectin) are added to OCIF. 

The best form of practicing the invention 
Application examples 

The present invention is explained in detail by the following application examples. These 
are just specific examples and they are not to be construed as limiting the embodiment of the 
present invention in any way. 

Application Example 1 

Production of injection preparation - 1 

500 jig obtained by following the method described in WO 96/26217 and 2 mg heparin 
were dissolved in 5 mL 10 mM sodium phosphate buffer solution (pH 7.0) containing 0.1 5M 
sodium chloride and 0.01% Tween 80, and the solution was sterilized using a 0.22 urn sterilizing 
filter (Millex GV, Millipore Co.), followed by filling in vials to give an intravenous injection 
preparation. 

Production of injection preparation - 2 

500 ^g human OCIF obtained by following the method described in WO 96/26217 and 
2 mg dextran sulfate were dissolved in 5 mL 10 mM sodium phosphate buffer solution (pH 7.0) 
containing 0.1 5M sodium chloride and 0.1% Tween 80, and the solution was sterilized using a 
0.22 urn sterilizing filter (Millex GV, Millipore Co.), followed by filling in vials to give an 
intravenous injection preparation. 

Application Example 2 

Reduction effect of OCIF on serum calcium concentration by addition of polysaccharide - 1 

2 mg dextran sulfate (molecular weight 8000 or 10,000: Sigma Co., and molecular weight 
5000 or 50000: Wako Junyaku Co.) or heparin (207.8 or 171.2 units/mg: Wako Junyaku Co., and 
molecular weight 3000 or 6000: Sigma Co.) were dissolved in 2 mL 0.25 mg/mL human OCIF 
solution prepared by dissolving human OCIF (dimeric) (gene recombinant OCIF obtained by 
following the method described in WO 96/26217) in a 10 mM sodium phosphate buffer solution 
(pH 7.0) (hereafter, called the solvent) containing 0.1 5M NaCl and 0.01% Tween 80, followed 
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by standing overnight at 4°C. Also, 0.25- and 2.5-mg/mL solutions human OCIF and the solvent 
were also allowed to stand overnight at 4°C. These test sample solutions were prepared for the 
OCIF and dextran sulfate administering group (D groups), OCIF and heparin administering 
group (H groups) (for D groups and H groups, the dose of OCIF was 0.5 mg/kg), OCIF alone 
administering groups (OCIF doses were 0.5 mg/kg and 5 mg/kg), and the solvent group, 
respectively. A single intravenous injection was performed on 4- week-old female Wistar rats at a 
dose of 2 mL/kg. Blood sampling from the eye cavity was performed 3 h after the administration 
and serum was prepared. The calcium concentration of the obtained serum was then determined 
using a calcium C test (Wako Junyaku Co.). Figure 1 shows the results. From the results, it was 
found that there was a significant enhancing effect on the reduction of serum calcium 
concentration by administering 0.5 mg/kg OCIF with added dextran sulfate or heparin. Hence, it 
was confirmed that the reduction effect of human OCIF on serum calcium concentration was 
enhanced by adding polysaccharides. 

Application Example 3 

Enhancing effect of the addition of polysaccharides on the activity of OCIF 

2 mL dextran sulfate (molecular weight 5000: Wako Junyaku Co.) were dissolved in 
2 mL 0.25 mg/mL human OCIF solution prepared in the same manner as in Application 
Example 2 at 1-, 2-, 4-, 8- and 16-fold by weight based on the human OCIF, followed by 
standing overnight at 4°C. Similarly, heparin (207.8 units/mg: Wako Junyaku Co.) was dissolved 
in 0.25 mg/mL human OCIF solution at the same ratio, followed by standing overnight at 4°C. 

Furthermore, dextran sulfate or heparin solutions prepared at 4 mg/mL, human OCIF 
solutions prepared at 0.25 and 2.5 mg/mL and the solvent were also allowed to stand overnight at 
4°C. Single intravenous injection of these test sample solutions was performed on 4-week-old 
female Wistar rats at a dose of 2 mL/kg, respectively. Blood sampling from the eye cavity was 
performed 3 h after the administration and serum was prepared. The calcium concentration of the 
obtained serum was then determined using a calcium C test (Wako Junyaku Co.). This test kit is 
a chelate method (ortho-cresolphthalein complexon (OCPC) method), in which 8-quinolinol is 
added to eliminate the effect of magnesium and increase the specificity. Under alkaline 
conditions, it binds with OCPC to give a purplish-red color, and by determining the absorbance, 
the calcium concentration can be determined. Figure 2 shows the results. From the results, it was 
found that there was a significant reduction effect on the serum calcium concentration when 
dextran sulfate was added at a 4- fold amount based on human OCIF. Also, it was found that 
there was a significant reduction effect on the serum calcium concentration when heparin was 
added at an equal amount or more based on human OCIF. Hence, it was confirmed that the 
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reduction effect of human OCIF on serum calcium concentration was enhanced by 
simultaneously administering human OCIF and polysaccharides at given ratios. 

Application Example 4 

Enhancing effect of the addition of polysaccharides on maintaining the activity of OCIF 

20 mg dextran sulfate (molecular weight 5000: Wako Junyaku Co.) were dissolved in 
2 mL 2.5 mg/mL human OCIF solution prepared with a solvent, followed by standing overnight 
at 4°C. Heparin 20 mg (207.8 units/mg: Wako Junyaku Co.) was dissolved in 0.25 mg/mL 
human OCIF solution 2 mL prepared with a solvent, followed by standing overnight at 4°C in 
the same manner. Moreover, human OCIF prepared at 2.5 mg/mL and the solvent are also 
allowed to stand overnight at 4°C. Single intravenous injection of the obtained test sample 
solutions was performed on 4-week-old female Wistar rats at a dose of 2 mL/kg, respectively 
(5 mg/kg as the amount of OCIF). Blood sampling from the eye cavity was performed 3, 6 and 
9 h after the administration and a serum was prepared. The calcium concentration of the obtained 
serum was then determined using a calcium C test (Wako Junyaku Co.). Figure 3 shows the 
results. The results showed that there was significant reduction of the serum calcium 
concentration 3 h after the administration for the administering group of 5 mg/kg human OCIF 
alone, while there was no reduction effect on the serum calcium concentration 6 and 9 h after the 
administration. 

On the other hand, it was found that there was significant reduction effect on the serum 
calcium concentration 9 h after the administration of the 2.5 mg/kg human OCIF solution added 
with 4-fold amount of dextran sulfate or heparin based on the human OCIF. Hence, it was 
confirmed that the sustained activity was enhanced by simultaneously administering human 
OCIF and polysaccharides. 

Application Example 5 

Effect of the maintaining the blood OCIF concentration by adding polysaccharides - 1 

4 mg dextran sulfate were dissolved in 1 mL 1 mg/mL human OCIF solution prepared in 
the same manner as in Application Example 2, followed by standing overnight at 4°C. Single 
intravenous injection of the obtained test sample solution was performed on 9- week-old male 
Wistar rats at a dose of 1 mL/kg. Blood sampling from the eye cavity was performed 2, 5, 10, 15, 
30, 45, 60, 120, 240, 360, 480, 600, 720 and 1440 min after the administration and serum was 
prepared. The human OCIF concentration of the obtained serum was then determined using 
monoclonal antibodies recognizing dimeric OCIF, and monoclonal antibodies recognizing 
monomeric OCIF (BIOCHEMICAL AND BIOPHYSICAL RESEARCH 
COMMUNICATIONS, Vol. 245, pp. 382-387 (1998)) by the ELISA method described in 
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WO 96/26217. The total OCIF concentration was obtained as the sum of the dimeric OCIF 
concentration and the monomeric OCIF concentration. Figures 4 and 5 show the results. The 
results showed that the high blood OCIF concentration was obviously maintained in the group 
which was administered human OCIF solution containing 4-fold amount of dextran sulfate based 
on human OCIF, compared to the group which was administered 500 ug/kg human OCIF alone 
(Figure 4). Also, it was confirmed that conversion of dimeric OCIF to monomeric OCIF in the 
blood was inhibited (Figure 5). Accordingly, the blood OCIF concentration, particularly the 
blood concentration of the dimeric OCIF (BIOCHEMICAL AND BIOPHYSICAL RESEARCH 
COMMUNICATIONS, Vol. 245, pp. 382-387 (1998)) having a high activity of reduction of 
serum calcium concentration can be maintained. 

Application Example 6 

Effect of the maintaining the blood OCIF concentration by adding polysaccharides - 2 

0.5% solution dextran sulfate, apple pectin or citrus pectin (all products of Wako Junyaku 
Co.) (solvent: 10 mM sodium phosphate buffer solution (pH 7.0) containing 0.15M NaCl, 0.01% 
polysorbate 80) was mixed in 2 mL 0.25 mg/mL human OCIF solution prepared in the same 
manner as in Application Example 2 at equal amounts, followed by standing at room temperature 
for 4 h, to prepare test sample solutions. Additionally, as a control, 0.25 mg/mL OCIF solution 
(2 mL) was mixed with the solvent in the same way, followed by standing at room temperature 
for 4 h. Single intravenous injection of the test sample solutions was performed on 4-week-old 
male Wistar rats at a dose of 2 mL/kg, respectively. Blood sampling from the eye cavity was 
performed under ether anesthesia 2 and 4 h after the administration, and a serum was prepared. 
The human OCIF concentration of the obtained serum was then determined using the ELISA 
method described in WO 96/26217. Figure 6 shows the results. 

Additionally, using the same method as mentioned previously, 0.5% solution dextran 
sulfate, apple pectin or carrageenan (lambda) (all products of Wako Junyaku Co.) was mixed in 
2 mL 0.25 mg/mL human OCIF solution 2 at equal amounts, followed by standing at room 
temperature for 4 h, to prepare a test sample solution. Additionally, as a control, 0.25 mg/mL 
OCIF solution was mixed with an equal amount of the solvent in the same way, followed by 
standing at room temperature for 4 h. Single intravenous injection of the test sample solutions 
was performed on 4-week-old male Wistar rats at a dose of 2 mL/kg, respectively. Blood 
sampling from the eye cavity was performed under ether anesthesia 2 and 4 h after the 
administration, and a serum was prepared. The human OCIF concentration of the obtained serum 
was then determined using the ELISA method described in WO 96/26217. Figure 7 shows the 
results. 
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The results showed that the high blood OCIF concentration was obviously maintained in 
the groups which were administered test samples containing either dextran sulfate, apple pectin 
or citrus pectin, compared to the group which was administered human OCIF solution alone 
(Figure 6). Also, it was found in the group which was administered a test sample containing 
carrageenan that high blood OCIF concentration was obviously maintained (Figure 7). Hence, it 
was confirmed that the blood OCIF concentration was maintained by adding these 
polysaccharides. 

Application Example 7 

Effect of maintaining the blood OCIF concentration by adding polysaccharides - 3 

Effect of maintaining blood OCIF concentration due to different administration routes 
was investigated using dextran sulfate or apple pectin (Wako Junyaky Co.) as the 
polysaccharide. Human OCIF was diluted with a solvent (10 mM sodium phosphate buffer 
solution (pH 7.0) containing 0.1 5M NaCl and 0.01% polysorbate 80) to prepare 50-ng/mL OCIF 
solution for intravenous injection or 1000-ng/mL solution for muscular injection. The 
aforementioned polysaccharides were then added to them to prepare respective test sample 
solutions. Dextran sulfate was added at 0.1% each in the OCIF solutions for intravenous 
injection and muscular injection. Apple pectin was dissolved in the solvent to prepare a 3-mg/mL 
solution, which was then mixed with a 2-fold amount of the OCIF solutions for intravenous 
injection or muscular injection (containing 100 |ig/mL and 2000 |ig/mL OCIF respectively). A 
single dose of 1 mL/kg of the respective solution was administered to 4-week-old Wistar rats. 
Blood sampling from the eye cavity was performed under ether anesthesia 2, 5, 10, 15, 30, 45, 
60, 120, 240, and 360 min after the intravenous injection and 30 min, 1, 2, 3, 4, 5, 6, 8, 10 and 
24 h after the muscular injection and serum was prepared. The human OCIF concentration of the 
obtained serum was then determined using the ELISA method described in WO 96/26217. 
Figures 8 and 9 show the results. 

The results showed that the high blood OCIF concentration was obviously maintained 
with the OCIF solutions containing either dextran sulfate or apple pectin for intravenous 
injection (Figure 8) or muscular injection (Figure 9). Hence, it was confirmed that the blood 
OCIF concentration was maintained by adding these polysaccharides, and that the sustaining 
effect on the blood OCIF concentration was observed independent of the administration route. 

Application Example 8 

Reduction effect of OCIF on serum calcium concentration by polysaccharide addition - 2 

0.5% apple pectin (product of Wako Junyaku Co.) solution (solvent: 10 mM sodium 
phosphate buffer solution (pH 7.0) containing 0.15M NaCl, 0.01% polysorbate 80) was mixed 
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into 2 mL 0.25 mg/mL human OCIF solution prepared in the same manner as in Application 
Example 2 at equal amounts, followed by standing at room temperature for 4 h, to prepare a test 
sample solution. Also, OCIF solution (0.25 mg/mL human OCIF solution, 2 mL) was mixed with 
an equal amount of the solvent and the solvent alone was prepared. Single intravenous injections 
of the test sample solutions were performed on 4-week-old male Wistar rats at a dose of 2 mL/kg 
respectively. Blood sampling from the eye cavity was performed under ether anesthesia 4 h after 
the administration, and a serum was prepared. The calcium concentration of the obtained serum 
was then determined using a calcium C test (Wako Junyaku Co.). Figure 10 shows the results. 
The results show that there was significant reduction of the serum calcium concentration for the 
group which was administered 0.5 mg/kg human OCIF containing apple pectin, while there was 
no reduction effect on the serum calcium concentration for the group which was administered 
* 0.5 mg/kg human OCIF solution alone. Hence, it was confirmed that the reduction effect of 
human OCIF on serum calcium concentration can be enhanced by the addition of 
polysaccharides. 

Possible industrial application 

According to the present invention, remedies for metabolic bone disorders consisting of 
at least one substance selected from osteoclastogenesis inhibitory factor, analogs thereof or 
variants thereof and polysaccharides or derivatives thereof can be provided. According to the 
present invention, remedies for metabolic bone disorders having therapeutic efficacy for 
metabolic bone diseases such as osteoporosis, hypercalcemia, rheumatoid arthritis while capable 
of sustaining the activity can be provided and are useful as drugs. 

Claims 

1. Remedies for metabolic bone disorders comprising at least one substance selected from 
a group consisting of osteoclastogenesis inhibitory factor (OCIF), analogs thereof or variants 
thereof, and polysaccharides or derivatives thereof. 

2. Remedies for metabolic bone disorders according to the description of Claim 1 , where 
the OCIF is human OCIF. 

3. Remedies for metabolic bone disorders according to the description of Claim 1, where 
the polysaccharides are heparin, pectin, and/or carrageenan. 

4. Remedies for metabolic bone disorders according to the description of Claim 1, where 
the polysaccharide is dextran sulfate. 

5. A method for improving the activity of osteoclastogenesis inhibitory factor using 
polysaccharides or derivatives thereof. 
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Figure 1 



Key: 1 Solvent 



CD: 



OCIF0.5mg/kg 
0Clf= 5.0mg/kg 



(fte+r** K5 >ttKNa Smg/kg ( 1 B $S) 

opFo.5mpftg+ ^ x ^ >RSNa >2fai 

x*Xh7>tt8NaHfSfi 
©jSK+'vty VNaB.Omg/fcg (I 6fS&I 



OCIF 0.5mg/kg+ 




Figure 2 



Key: 1 
2 



Solvent 

Solvent + sodium dextran sulfate 8 mg/kg (16-fold amount) 
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3 Sodium dextran sulfate 

4 -fold amount 

5 Solvent + sodium heparin 8 mg/kg (1 6-fold amount) 

6 Sodium heparin 



© jg&+T*X h7>8KNa 20mg/kg 
©SttfN/W >Na'20mg/kg 
0CIF5.0mg/kg 
(OCIF 5.0mg + r*X K7>5SSNa 20mg)/kg 
(OCIF 5.0mg+*/tU >Na 20mg)/kg 

^ ft. 

©Sflt+r+X h7>KSNa20mg/kg- 

<£\ OCtF5.Gmg/Kg 
(OCIF 5.0mg £jr*a h?>!»KNa 20mg)/kg 
(OC!F 5.0mg^ty >Na 20mg)/kg 

©&BM»X S7>iHSNa20mg/kg 
©SfltiA/t !/>Ma 20ing/kg 
/£) OCIF B.0mg/kg 

(OCIF 5.0mg V£*7. VKSNa 20mg)/kg 
(OCIF 5.0mg+>s/t"; VNa 20mg)/J<g 




(mg/dl) 



Key: 1 Solvent 

2 Solvent + sodium dextran sulfate 

3 Solvent + sodium heparin 

4 Sodium dextran sulfate 

5 Sodium heparin 

6 3 h after administration 

7 6 h after administration 

8 9 h after administration 
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(57) Abstract 

Novel remedies for bone metabolic errors. These remedies comprise at least one member selected from the group consisting of 
osteoclastogenesis inhibitory factor (OCIF), analogs thereof and variants thereof and polysaccharides or derivatives thereof. As the 
polysaccharides or derivatives thereof, use may be made of heparin, dextran sulfate, etc. These remedies have excellent therapeutic efFects 
on bone metabolic errors such as osteoporosis, hypercalcemia and rheumatoid arthritis and can sustain the activities over a long time, which 
makes them highly useful as drugs. 
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WfrlH^COsteoclastogenesis Inhibitory Factor; OCIF) (W096/26217-5§-&fR) 
M^^->^Ai£TfPffl^W1-^-i^^$nTU-S (BIOCHEMICAL AND 
BIOPHYSICAL RESEARCH COMMUNICATIONS, Vol. 245, pp382-387(1998) ; Endocrinol 
ogy, Vol.139, pp4012-4015(1998)) o OCIFli. £< ifU^^^ AJfoS&0 
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ItlTSC <!:{;:<*: 0CIP®W*£#ftftf#t#ffifc#*5&££3 bfCit&TilS 

*f£WM\ tt-frHBIia^Jifeffll^lH^.- (Osteoclastogenesis Inhibitory Factor; 
OCIF) N tOSJH*:, ^/c(i^0^M^^^^6l¥^bii^^ni)-jy±OtlM 

^^^.MOCIFt LT(i. #ig5c&#TSDS-PAGBfc43tfS#^S#ft60kDa 

ii, IMR-90i|fflJ& (ATCC CCL-186) ©#'J (A)* RNA &ffl^TfFJ& LfccDNA? >f 7 
7 'J-jft^ 0CIFcDNA»f^^7 p P-y < i:LT/W7'';^-1'Hf-->3 >^(C«t«9^ 
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IF3 . 0CIF4 . £fc(iOCIF5 frmf £>ft£ 0 
CiCl^\U W096/26217^&$g(Ciea£ft£cfc9{;:. 0CIF2(i. OCIFcDNA©£S 
265#§©r7-y^£285 #g0^7->£-e©21bp<Z>K£^&i9s 7 

^ y®ie^ij-e(iociFcD7 ^ y ieE^J®68#g©/;u^ ^ >&(Giu) ^£74#i<D 

^ XGln) fe®77 ^ y^.O^^*SfcOT*a 0 
0CIF3 (i, OCIFcDNAtf>J£gl£?i|© 9#i®i/f ^>^/7->i:ti$nt^ 
t, 7 i y®!@^iJ-e(iOCIF©7 ^ 7 ^@S^JO-19l : i©7X/^4 i >(Asn) *< U 
•^V(Lys) Cl^otl^o fc/£U •>^f-;l/S£^J©4 3 ©7 ^ 7 ®?g 

gre&Os #$£tl£0CIF3 ICiiif L^^i,HDtl^o £ £K> OCIFcDNA©^ 
SI£?|J<D872 flO^T- y^t>988#@0^*7->*TO 117bp©&£^£> *9 
, 7 ^ y $@E?imiOCIF©7 J J $12?iJ£> 270#@©XU7i-^y(Thr) ^£308 
#@<Dn^ ->>(Leu) fe0397 i y^©^^*^>o 

0CIF4 te. 0CIFcDNA©i&a@£J'J© 9 #B©v^ >^?*7->«&£ftT^ 
Tv 7 ^ y®?@2?'JT(i0CIFO7 ^ y ^ie^JO-19#B07XvN°7^>(Asn) # U 
v^XLys) Idhotl^o Xs 22#g©?*7^>^ ^>iCg&£ftT^T 
. 7 ^ y^!E?i|T(i0CIFO7 ^ y^ie^J©-14S@©7 5->(Ala) ^t'JXS 
er) i:^oti<^o Ctl^fi v/ /f-;l/ge^ijo4 3 0 7 ^ y $?g&-?£>f9 

. #$£ft<50CIF4 {C(i^#L^^tSt>tL^)o £ £ JCOCIFcDNA©i£Si£?i]<Z> 4 
00#g£ 401#gOF a 1^^ 4kb©-r > ha y 2 £>}?A^£> <9 , 

^7 p-A*<-?:©4i-e±* -So 7 ^ y^ie^j-e{iociF07 ^ y^E^ij© ii2#@ 

©7 5-XAla) ©&K217 ^ y $?^£tt£$T&tt7 $ y ®iewftijo$ nr^ 
0CIF5 te. OCIFcDNA£>l£gBe?iJ© 9#@©^f ^>^^7->i:^$llt^ 
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v>y(Lys) ic^oti^o fc/cU Cftli v^^S^iJ©*^ i;®m&r* 

#)$£ft&0CIF5 {Cfi^L^^iS^tl-So $^>(C. OClFcDNAOikSK 
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x *-7> >; - 'j >/7 u - A^oifcit ->t^5o t iyi>Kyra*ocip 

©7;;iE?i|® 112§g©75-XAla) ®^{C127 ^ 7 »3&*&ttSfr&tt7 
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BSlx &&^ii<K&Ztltz&<Dfrmf t>ft&o £<0mW$}lZte^ OClFcDNAJC PCR 

■m& § \,M,$mmmmiz & zwrn k <t 9 h&&s wiK5fc£S£An/=ociF£s# 

cDNA*ffrdcU dOcDNAfcfg^^-lcjf AU f O^^^-^M^btl 
yOft^S. 3,000-6,000 ®t>0^§l>lif+Xh7ViiO^I 5,000~ 

io,ooo©fc©*<ffl^e>n*o #f&w®#ftjtfa#Si&s?ari]M\ ocif, 
mzML i ~ioo i ~iGfe&om&x®.<b&fr>-& oc 
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^lt»l*W«-rs»^tt, OClF&tf£*S©flfeK: x ^lllcjCCpHS^k m 

0CIF£ 3 tfcti 24mg/kg • day OfflSTiE^5 -y hie 1 B 1 HI 2 flffl&ffiflMRft 

^^^^^^©^^{itl^^tl^^ofcCH. Yasuda et al. : Endocrino 
logy, Vol. 139, pp1329-I337C1998)) 0 C©«t9«C N OCIF©ffcfflti#tcft#|tta<jis 

Vtomm. M#©^J» N MflmiU M<£i*©^lc«toTS<i:5o^#{c|8^ 
£ft4H^\ fltJ^te'j&A 1 B^/c9#70.01~lmg/kg£#i£ln#]{c 1 B l-aiUft 
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■> V A jig <£ 0 S'J^-T 3 £ £ tc J: *> a o £ t #t* § & 0 

tt*Sfe5*i*J-Ba-t5o #^{c=t££, 0CIFOjfil4i^^^i6, OCIFOlfitfit 

D - 1 : OCIF O^mg/kg + T** b 5 >1» (ft^M 5, 000) 2mg/kg 

D - 2 : OCIF 0.5mg/kg + x*X h 5 (fti 1 * 8, 000) 2mg/kg 

D - 3 : OCIF 0. 5mg/kg+x*X h 5 >M (#?S10, 000) 2mg/kg 

H- 1 : OCIF O.Sing/kg + 's^'J > (207.8 units/mg) 2mg/kg 

H-2 : OCIF 0.5mg/kg + / \^°U > (171.2 units/mg) 2mg/kg 

H - 3 : OCIF 0.5ng/kg + 'v*y > (^* 3,000) 2mg/kg 

H-4 : OCIF 0.5mg/kg + '\/*U > (5H 1 * 6,000) 2mg/kg 

* * : n®.m 1 ^OTTW^M* <0 

SS2EU4. 1W|3I:^(^, 0CIP<!:>»S©«^jt*^Ta:4Lfcfi?©s 

3S3Hfi. HifetfH OCIFJC^H^^^toL/cSil^J^S^L/c^©, 
3, 6, m!&tik0*tl?tl<D]taMlJ A»«*^t"o 

* * : feEfe^ 1 MsTFt?**^**) 
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B : v-SSOClFOjfilifftft^^Blo 

• : OCIP 

O : OCIF+x** 

#5 Kite, IdfefllSfcttS, OCIFfC^Hm^AnL^M^^L^^O. * 

j •? - m / 9 4 -7 - m o c i f <d m * { z & # 6 m & © m mg. \ t * ^ 1 0 

A:0CIF 

B : OCIF+f^X h5 >M 
O:^^-7-M0CIF 
A : *J T-SOCIP 
#6E!M\ H«J6 ic felts. OCIFK^flHB (f*** h 5 'J 

□ : 0.5mg/kg 0CIF*&S^ 
O : 0.5mg/kg 0CIF + 0.5Xx + X h 5 
O : 0. 5mg/kg OCIF+0. 55PJ yzS^\9=f-y 
A : 0.5mg/kg OCIF + 0. SXttftlB'S** > 

fVXIi^^^-ty) «r^j!lDLfcai!38M©. 2 Rtf 4 B#r B 1&©lfo *0C1F» 
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□ : 0.5mg/kg OCIF^S^ 

O : 0. 5mg/kg OCIF+0. 5%-t *X h v >mWt 
O : 0. 5mg/kg OCIF + 0. 5JKU yzf<<9=f-y 
A : 0. 5mg/kg 0CIP+0.5ft#5*'-+> 
&8EIM\ H*M7JC*>^S N 0CIF«c£«31 h5>flfc»X(i'J ^i/'* 

fcEsj&DLfcSBiai®, »JRrtft#fifcOjfiiEfi0CIFjiK*^1-o 

O : 50^/g/kg OCIF^ttfft^- 

A : 50//g/kg OCIF+0. l«r + Xl«7y«i 

□ : 50//g/kg OCIF+0. 15JKU 

»9Htt. mfcflmcfcttS. 0CIF{c^$iH h 5 >MX(i'J >=f^ 

O : lmg/kg OCIF^S^ 
A : lmg/kg OCIF+0. IXt'+X h 5 >»g? 
: lmg/kg OCIF+0. 15ft U > zf^p =f- y 

8 ic&t+s. ociFic^n^ (>;>3*^^f-» ^^snL/cSSJ 
^jo. &$4&r$&®ibmfiji''yvi>mm$:Tsto 

fcW* L <o , *f6^ «i CI ft 6> ic J: o Tft £ pg£ $ ft£ ©Ttt ft \, > 0 

&ttM<p$nm -l 
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w%/2mi^&mzM<vJ]&^'&~>-cnh>ntzt bociF sooug Rtf^u > 

2mg£, 0. 15M NaClW0.01%Tween 80£#fr lOmM 'J h U 7 A|giij£ ( 

PH7.0) 5mHCj£jSU :©M^0. 22 /in <E>$^7 ^ - (Millex GV, ^ U# 

W096/26217^&#g5«^#Sfcft^T*§&n*:fc hOCIF 500^g S.O'x^X h 
^ >H»2mg^ 0. 15M NaClSO'0. 01%Tween 80£^t; lOmM U h U 7 A 

ifciir7&(pH 7.0) 5ml^&J#L* C©7§$£0.22#m ©Sc®7 (Millex G 

V, * UtfTtt) fiiLf:is ^<>f 7;HSlcMt ^ C t tc J: ^afflM?: 

tnnm 2) 

t h 0CIP(^^v-ffl)(W0'96/26217^«85«©^rffi^J:*)#t»tl^*fe^«a 
&*_tJ0CIF) & N 0. 15M NaClS.O'0. 01%Tween 80£^t; lOmM >J M 7 A 

tt»ifc(pH 7.0) &i£ch*ftl)-) fcSJBLTSSlLfck hOCIF 0. 25mg/ml}& 

fg2mliC, fnh7>li (#?fi8000£/cli 10000 : >**^*L &tf$HF-* 
5000* £1*50000 : 3fO**filSl.tfc) (207.8 Sfcli 171.2 unit/ 

mg : ftjfc&lift. aO'^MSOOO^^WeOOO : i/^'vtt) 2«g£?gflPLfc&x 4 
tT-SfcttgLfco |5]^(C t h^OCIF 0.25 S.O'2. 5 mg/ml 88E36U t fc»i££ 

o^rfc. 4^e-i«i):iLfc. cnt>©ttttttt*4**N ^n^nociFtr* 

Xh5>M&^& (D«f) x OCIFct^U >&^i¥ (H#)(Di*RtfHfM*OC 
IF*i LT0.5mg/kg&-5O x OCIFi|Mift#i¥ (0CIP*<h LTO. 5mg/kg£.t>'5mg/kg 

l/kg©ffl*TSHRrt#lli& J * Lfco 3 ^|ffl»iciR««JlIi*ff ^l(ll-»*JHt!! 

nt>ntiMi%tp(Dftjii'V^m&fi^ : ->'V ac-x-x h (*a7fe*>yg*±) £ffl^r 
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1 0 
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